Objectives: This study aims to evaluate cluster of differentiation 146 (CD146) and pulse wave velocity (PWV) as non-invasive methods for prediction of early vascular affection in systemic lupus erythematosus (SLE) patients without symptoms of vascular disease, to detect the outcome and reproducibility of these methods, and to correlate CD146 and PWV with lipid profile, intima media thickness (IMT), and ankle brachial index. Patients and methods: Thirty female SLE patients (mean age 26.6±6.6 years; range 15 to 35 years) fulfilling the American College of Rheumatology 1997 revised criteria for SLE classification, and 15 age and sex matched healthy controls were included. All participants were performed full clinical assessments including measurement of Systemic Lupus Erythematosus Disease Activity Index, lipid profile, CD146, carotid IMT, PWV, and rise time as an indication of how fast the waveform rises. Results: Cluster of differentiation 146 levels were elevated in patients with SLE compared to controls (p<0.001). There was a statistically significant difference between patients and controls in the femoral, lower thigh, and ankle rise time. There was a statistically significant correlation between IMT and ages of patients, Systemic Lupus Erythematosus Disease Activity Index, and brachial-below knee PWV, while there was no correlation between IMT and disease duration, lipid profile, brachial-femoral PWV, and brachial-ankle PWV. There was statistically significant correlations between brachial-femoral PWV and serum cholesterol level, and between brachial-ankle PWV and low density lipoprotein cholesterol. Conclusion: Our results showed that SLE vascular affection is more pronounced in small arteries. Also, elevated CD146 and brachial-femoral PWV are useful early markers of vascular affection in SLE as well as rise time may be a marker for arterial stiffness.
Systemic lupus erythematosus (SLE) is an inflammatory disease caused by autoimmune dysregulation, which mainly affects young females, usually free from atherosclerosis. Accelerated atherosclerosis is a well-established complication of SLE and it cannot be explained by Framingham risk factors alone, and has been attributed to complex interactions between traditional risk factors and factors associated with the disease per se, or its treatment. 1 The prevalence of cardiovascular disease ranges from 6 to 10% in individuals with SLE, and the risk of developing cardiovascular disease is 4 to 8 times higher than in normal population. 2 Moreover, acute myocardial infarction is reported as a cause of death in 3 to 25% of SLE patients in different surveys. 3 Patients with SLE have increased vascular morbidity and mortality. Several established vascular risk factors are more prevalent in this population but cannot fully explain the reported excess atherosclerotic burden. Emerging vascular risk factors may also contribute to the increased vascular risk in these patients although the evidence is limited and often conflicting. SLE-specific risk factors also play a role in the pathogenesis of atherosclerosis. Given the multifactorial etiology of vascular disease in SLE, an integrated index of risk may be useful in the management of these patients.
Arterial stiffness possibly represents such an index and accumulating data suggest an increased prevalence of arterial stiffness in SLE. Many factors play a role in the loss of arterial elasticity in this population, including both emerging and established vascular risk factors. Arterial stiffness may emerge as a useful index for risk stratification in SLE and has the potential to guide therapeutic decisions in these patients. 4 Among the different methods of evaluating arterial stiffness, the most widely used in the literature is pulse wave velocity (PWV), specifically in the area running from the aortic arch or common carotid artery to the common femoral artery. Typically, the pulse wave is detected by pressure transducers or arterial tonometry. 5 Tanaka et al. 6 concluded that carotidfemoral PWV and brachial-ankle PWV are indices of arterial stiffness that exhibit similar extent of associations with cardiovascular disease risk factors and clinical events.
Cluster of differentiation 146 (CD146) also known as the melanoma cell adhesion molecule or cell surface glycoprotein MUC18, is a cell adhesion molecule currently used as a marker for endothelial cell lineage and is involved in the control of cell cohesion, vascular permeability, and monocyte transmigration. 7 Its function is still poorly understood, but evidence points to it being part of the endothelial junction associated with the actin cytoskeleton. The positive correlation between CD146 and plasma intracellular adhesion molecule and von Willebrand factor levels supports its role as a marker of endothelial dysfunction. 8 In this study, we aimed to evaluate CD146 and PWV as non-invasive methods for prediction of early vascular affection in SLE patients without symptoms of vascular disease, to detect the outcome and reproducibility of these methods, and to correlate CD146 and PWV with lipid profile, intima media thickness (IMT), and ankle brachial index.
PATIENTS AND METHODS
A total of 30 female SLE patients (mean age 26.6±6.6 years; range 15 to 35 years) who fulfilled the 1997 American College of Rheumatology revised criteria for classification of SLE 9 with no history of cardiovascular disease were included in this randomized controlled study. The patients were selected from patients admitted to internal medicine department of Kasr Al-Ainy Hospital, as well as patients from the rheumatology & immunology outpatient clinic, internal medicine department, Cairo University. The study also included 10 age and sex matched apparently healthy volunteers, with no history of autoimmune diseases, as a control group. Local institutional research board approval as well as written informed consents were obtained from all the subjects prior to participation in the study.
Systemic lupus erythematosus patients with any cardiovascular, cerebrovascular or peripheral vascular disease, diabetes mellitus or smoking were excluded.
All subjects were subjected to full history taking, detailed clinical examination including systemic as well as rheumatological examinations with special concern regarding mucocutaneous, joint, renal and neuropsychiatric manifestations, also vascular disorders including arterial and venous disorders; routine laboratory investigations including complete blood picture, erythrocyte sedimentation rate, urine analysis, 24 hour urinary proteins, liver function tests, kidney function tests and CD146 by flow cytometry.
Patients were also subjected to lipid profile tests for cholesterol and triglycerides, and immunological profile tests for antinuclear antibodies, DNA double-stranded antibodies, serum complement 3 (C3), complement C4, lupus anticoagulant, and anticardiolipin.
Two milliliter of venous blood was obtained and preserved in ethylenediaminetetraacetic acid vacutainers. Cells were incubated with anti-CD146-FITC (Becton-Dickinson) together with anti-CD4-PE (Becton-Dickinson). Fluorescence intensity was determined using the FACScan from Becton-Dickinson.
Arterial stiffness of patients and controls was assessed noninvasively. Subjects were refrained from eating or drinking coffee, tea, or alcohol at least 12 hours prior to the study. To ensure the stability of measurement, arterial stiffness test was performed in the supine position after resting for 10 minutes in a quiet, temperature controlled room (22-24 °C) in the early morning hours. Blood pressure was recorded in the right arm using an automatic blood pressure monitor.
We used Vasoguard machine (NicoletVasoguard, model p84, VIASYS Healthcare, USA) ( Figure 1 ) to perform a full range of physiological tests, including automated examinations for lower and upper segmental arterial studies. We applied the cuffs and photoplethysmography (PPG) sensors to the patient, and connected the cuffs and PPG sensors to the instrument according to the color coding. We attached the cuff to the appropriate air hose (Figure 2 ). Afterwards, we attached the PPG sensors to the fingers and toes. We administered the Doppler probe (8 MHz) to the skin at an angle of 45 to 60 degrees to the flow direction, using a water-soluble ultrasound contact gel. We located an arterial signal in the arm distal to the cuff (brachial, radial, or ulnar) and adjusted the Doppler waveform gain and scale to optimize the spectral display. We used the space bar to inflate the cuff to the target pressure. We listened for the return of the Doppler signal and observed the spectral display. When the pulse returned, we pressed the space bar to freeze. We performed the same technique to assess the segmental pressures of the lower limbs by choosing segment. The segmental pressures screen was used for measuring the systolic pressures at the sites of the various pressure cuffs. Ankle and segmental brachial pressures were calculated automatically.
There are several calculations automatically performed using the waveform averaging function including rise time (RT), transit time. RT is an indication of how fast the waveform rises and is calculated using the entire waveform height. RT is calculated from the onset of systole (beginning of waveform upstroke) to peak systole and is the preferred method. RT is expressed in milliseconds.
Transit time was determined once all data were acquired on all channels by identifying a zero time at the beginning of the brachial pulse volume recording waveform. The time difference between start of the brachial wave and start of the waveform at another site is the transit time. The distance between the heart and the arm is essentially the same as between the heart and the aorto-iliac segment. On the report screen and the printout, the transit time was stated as the difference between cuff sites and the right brachial site. We measured the distance from the lower end of the brachial cuff to the lower end of the pressure cuffs of the lower limb by a ruler tap. We used the equation distance/transit time (time delay) to calculate the PWV.
Photoplethysmography sensors were placed on the toes to monitor the returning pulse for detecting segmental pressure. PPG sensors allow bilateral pressures to be obtained simultaneously. First, we applied the blood pressure cuffs to the arms and legs, as described earlier, and connected the hoses. The red PPG transducer was put in the right index finger and the yellow PPG sensor in the left index finger using the PPG clips. The cuffs were inflated using the space bar until waves disappeared and then deflated until wave returns. Segmental brachial pressures were calculated automatically.
Duplex and color coded Doppler examination of both carotid arteries were performed using an ultrasound machine (Acuson Antares; Siemens, Erlangen, Germany) with a 7.5 MHz transducer. All patients were performed Doppler by B (brightness)-mode grey scale, color, spectral Doppler techniques. We assessed the carotid IMT and any plaques were recorded ( Figure 3 ).
Statistical analysis
Analysis of data was performed using SPSS for Windows version 12.0 software program (SPSS Inc., Chicago, IL, USA). Quantitative variables were described as mean ± standard deviation and range, qualitative variables were described as number and percentage. Chi-square test was used to compare qualitative variables and Spearman correlation was used to rank positively or inversely variables versus each other in the same group. One way ANOVA test was used to compare more than two groups as regard to quantitative parametric variable, while KruskalWallis test was used instead of one-way ANOVA in nonparametric data (standard deviation >50% mean). Unpaired t-test was used to compare two groups as regard to parametric variables and Mann-Whitney test was used instead of unpaired t-test in nonparametric data.
RESULTS
Disease duration of patients was 1.5±1 years. Systemic lupus erythematosus Disease Activity Index (SLEDAI) ranging from 0-9 had a mean score of 4.2±2. Different clinical presentations were shown in Figure 4 .
Of SLE patients, 20 had dyslipidemia. There was a statistically significant difference between patients and controls in terms of serum cholesterol, serum low density lipoprotein cholesterol (LDLc) (p<0.001), and CD146 levels (p<0.001) ( Table 1 ).
There was no statistically significant difference in IMT between SLE patients and controls (Table 1) , and also between dyslipidemic and non-dyslipidemic patients (Table 2 ). There was no statistically significant correlation between carotid IMT and serum cholesterol, serum triglyceride, LDLc, and high density lipoprotein cholesterol levels (Table 3 ).
There was a statistically significant difference between patients and controls in terms of femoral, lower thigh, and ankle RT (p<0.05) (Table 1) ; however, there was no statistically significant difference between patients and control in terms of lower limb PWV at different segmental lower limb pressures (p>0.05) ( Table 1 ).
There was a statistically significant correlation between IMT and ages of our patients, SLEDAI scores, urine albumin and albumin/creatinine ratio (A/C ratio) (Table 4) , and brachial-below knee PWV (p<0.005). There was no statistically significant correlation between IMT and disease duration, lipid profile, brachial-femoral PWV, and brachial-ankle PWV (Table 3 ).
There was a statistically significant correlation between brachial-femoral PWV and serum LDLc, C3 A/C ratio, and SLEDAI scores. A statistically significant correlation was detected between brachial-lower thigh PWV and brachialbelow knee PWV with LDL, serum triglyceride, and SLEDAI scores. There was a statistically significant correlation between ankle PWV, A/C ratio, and C3 (p<0.005) ( Table 3) .
A statistically significant correlation was shown between systolic blood pressure and brachiallower thigh, brachial-below knee, and brachialankle PWV (p<0.05) ( Table 5) .
DISCUSSION
Systemic lupus erythematosus is a chronic multisystem autoimmune disease with a broad range of clinical manifestations. The disease pathogenesis is attributed to circulating antinuclear autoantibodies against a variety of nuclear antigens (including double-stranded deoxyribonucleic Atherosclerosis is a chronic inflammatory disease of the arteries associated with various risk factors that promote lipid abnormalities, development and progression of atherosclerotic lesions, plaque rupture, and vascular thrombosis 11 Atherosclerosis is enhanced in autoimmune diseases. The reason for this accelerated process is still debatable and, although traditional risk factors (such as hyperlipidemia, smoking, obesity, hypertension, diabetes mellitus, postmenopausal status, and sedentary lifestyle) are more prevalent in those patients than in general population, they do not seem to fully explain that enhanced risk. 12 Dyslipidemia with low high density lipoprotein, raised triglycerides, normal or mild elevation of LDL and raised lipoprotein is typically found in SLE, particularly in active disease. 13 In our study, we found a statistically significant difference between patients and controls in serum cholesterol and LDL levels. These findings suggest that lupus is one of the etiologies of secondary dyslipidemia. Endothelial dysfunction was assessed by measurement of CD146 by flow cytometry while arterial stiffness was assessed by PWV. Our results showed a statistically significant difference in CD146 level between SLE patients and controls with a mean of 4.2±1.1, 2.2±0.7, respectively, and this in agreement with results of Robak et al. 14 In contrast to our data, two other reports showed significant deficiency of circulating endothelial cell count in their SLE patients. 15, 16 An explanation for these discrepancies may be the fact that our study included Egyptians only, whereas their studies involved Africans, Americans, whites, and others. Our results showed no statistically significant correlation between CD146 and patients age or the disease duration, and this was consistent with findings of Elshal et al. 17 and Abdelaziz et al., 18 who demonstrated that CD146 level was independent of the age of SLE patients and/or the duration of the disease.
Our results showed a statistically significant positive correlation between CD146 and antinuclear antibodies (p<0.05) and anti-deoxyribonucleic acid (DNA) (p<0.05), which was consistent with Elshal et al. 17 who found significant positive correlation between CD146 and anti-DNA titer. However, our results were not consistent with Yao et al., 19 who found no significant correlation between CD146 and anti-DNA.
Moreover, our findings agreed with Yao et al., 19 who showed no significant correlation between CD146 and SLEDAI score, while disagreeing with Elshal et al. 17 who detected positive correlation between CD146 and SLEDAI score. This may be explained by our patients having lower SLEDAI scores (mean 4.2) than scores of patients in their study (mean 18.75).
We found no significant correlation between lipid parameters and CD146 level and this is in consistency with the findings of Rajagopalan et al., 20 who concluded that CD146+ in the peripheral circulation in SLE specifically correlated with vascular dysfunction in a cohort of young subjects with SLE, with low Framingham risk scores (score <1%), and independent of other traditional predictors of atherosclerosis, which may potentially indicate an additional mechanism for the predisposition to premature vascular disease.
In our study, there was no statistically significant correlation between complements C3, C4, and CD146 level and this is consistent with results of Yao et al. 19 However, Kassem et al. 21 showed a significant correlation between CD146 and low complement level. In this study, there was no statistically significant difference between SLE and controls in terms of IMT with a p value above 0.05. This was in accordance with findings of Nienhuis et al. 22 who indicated that mean IMT did not differ between SLE patients and healthy controls. In addition, there was no statistically significant correlation between serum cholesterol level, LDL level, and IMT (p>0.05). This was in agreement with de Leeuw et al. 23 who concluded that sex, body mass index, smoking, lipid levels, diabetes mellitus, family history for cardiovascular disease, levels of other endothelial activation markers, and medication did not correlate to IMT. These results raised the need for earlier markers of atherosclerosis since IMT does not appear to change early with several risk factors of atherosclerosis in SLE.
Furthermore, our results was in accordance with the study of Cacciapaglia et al. 24 where IMT in patients with SLE significantly correlated with disease duration, and SLEDAI. However, our results differed from theirs since, in our study, there was no statistically significant relation between disease duration and carotid IMT. This may be due to the different features of patients, as in their study, the disease duration was longer with a mean of 29±13 years; however, our patients had shorter disease duration with a mean of 1.5±1 years.
Also, in our study, there was a statistically significant correlation between SLEDAI scores and brachial-femoral PWV, brachial-lower thigh PWV, and carotid IMT with no correlation to lipid profile.
Arterial stiffness increases in accelerated atherosclerosis due to inflammation. 25 Large 27 Arteries become wider and less elastic (increased PWV). 28 To our knowledge, this is the first study which measured PWV and RT simultaneously at four segments along the lower limb arterial tree to assess arterial stiffness in large and small arteries.
In our study, we found no statistically significant correlation between patients and controls in terms of PWV (brachial-femoral, brachial-lower thigh, brachial-below knee, brachial-ankle). This may be due to short disease duration of our SLE patients; however, the values were higher in the patients than controls.
Our results showed a statistically significant difference between patients and controls regarding femoral RT (p<0.05) with patients having a mean of 39.3±7.2 RT and controls having a mean of 45.7±7.4 RT. Also, there was a statistically significant difference between patients and controls in terms of lower thigh RT (lower femoral and proximal popliteal) with patients having a mean of 41±7 RT and controls having a mean of 46.7±8 RT. We also found a highly statistically significant difference between patients and controls in terms of ankle RT (p<0.001) with patients having a mean of 31.9±6 RT and controls having a mean of 36.9±8 RT.
A short RT indicates stiff non-compliant arteries which reach the peak of the waveform earlier than healthy arteries. It represents the active part of the waveform. This marker of arterial stiffness was increased in our SLE patients who had no history of cardiovascular disease and organ damage when compared to healthy controls, as our SLE patients had short RT compared to controls, this highlights the significance of RT in SLE patients as a predictor of arterial stiffness.
Intima media thickness of our patients showed no statistically significant difference when compared to controls (p>0.05). This denotes that SLE vascular affection begins by vascular stiffness before overt atherosclerosis as most of our patients had normal IMT and normal ankle brachial index. This stiffness is evident in both the femoral arteries and ankle arteries and is more pronounced in the latter indicating earlier affection of peripheral arteries before central arteries. Our findings revealed that peripheral artery elasticity is decreased in SLE without increased IMT, and this is consistent with results published by Nienhuis et al. 22 who concluded that vascular dysfunction, as shown by decreased small arterial elasticity, is present in quiescent SLE patients without atherosclerosis, and that this decrease is independent of traditional cardiovascular risk factors, but is related to the presence of SLE. Although IMT values were normal in our study, they correlated with the brachial-below knee PWV indicating early patchy atherosclerotic peripheral affection.
Accumulating data suggest an increased prevalence of arterial stiffness in SLE. Many factors play a role in the loss of arterial elasticity in this population, including both emerging and established vascular risk factors. Thus, arterial stiffness may be a useful index for risk stratification in SLE and has the potential to guide therapeutic decisions. 29 Moreover, we detected a statistically significant correlation between brachial-femoral PWV and ankle PWV with serum C3 and A/C ratio, and this correlation highlights the relation of proteinuria to premature atherosclerosis. There was a statistically significant correlation between brachial-femoral PWV, brachial-lower thigh PWV, and brachial-below knee brachial PWV with SLEDAI, possibly signifying the correlation between disease activity and arterial stiffness, and the importance of disease activity control to delay premature atherosclerosis.
Also, we demonstrated a statistically significant correlation between brachial-femoral PWV and serum LDLc. Furthermore, there was a statistically significant correlation between brachial-lower thigh PWV and brachial-below knee PWV with LDL and serum triglyceride (p<0.05). IMT was not significantly changed yet with lipid profile in these patients (p>0.05), and this might indicate that PWV is an earlier indicator for lipid effect on the blood vessels compared to IMT, which renders PWV more valuable in the detection of early vascular affection in SLE and disease outcome.
Our results show a statistically significant positive correlation between brachial-lower thigh PWV, brachial-below knee PWV, and brachial-ankle PWV with systolic blood pressure (p<0.05). This was in agreement with findings of Li et al., 30 who concluded that brachial-ankle PWV was significantly correlated with systolic blood pressure and indicates arterial stiffness.
Brachial-femoral PWV is also a better positive predictor of vascular abnormalities with sensitivity of 71%, specificity of 63%, positive predictive value of 80%, negative predictor value of 78%, and an area under the receiver's operating characteristic curve of 0.6. In conclusion, elevated CD146 level is a feature of SLE, and CD146 and brachial-femoral PWV are useful early markers of vascular affection in SLE compared to increased IMT. PWV correlates with the lipid profile and SLE vascular affection is more pronounced in small arteries. Moreover, RT is a useful marker of arterial stiffness; however, further studies with larger sample size are required to support these findings.
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